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Coordinates, equations and distances

6 concepts 6 worked examples
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Learning targets / i & @ga

* Move between geometric data and line equations.
* Use slopes and determinants appropriately.

* Calculate distances and geometric loci.

Before you start: Algebra, Pythagoras and basic trigonometry.

Concept map & question links / sfauRom g

Concept Learn + explain / 31gerRom

c1 Locate points precisely

p.2 fig ok g8

c2 Slope expresses direction

p. 2 are 9 faem

c3 Choose a useful equation form
p.3 T 1 Ifa ® Y

c4 Intersect and compare angles
p.3 gferedq 3R i

cs Measure perpendicular distance
p.4 erea g

c6 Describe a family or locus

p.4 RET-ufRar 3R fdguy

Read C1-C6 — attempt Q01-Q12 — check solutions - complete the extension.

Ugat 3GYRUN g, fOhe foFT 81 G U & | TTeAclt 811 IR U & C-ahis ¥ Gafed UTS SIaRT g |

Green panels: key formulas and conditions. Amber panels: common errors. Each lesson has an English explanation, a Hindi

explanation and a worked example.
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12 practice questions

g X UH

Practice

Q01, Q02, Q03

Q04, Q05

Q06

Q07, Q08

Q09, Q10

Q11,Q12
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LEARN e« g#Hs

Concepts 1 & 2
C1/ KEY CONCEPT
Locate points precisely / fag 3k gt

The distance formula follows from Pythagoras. The midpoint averages corresponding coordinates. For
internal division, the point dividing AB in ratio m:n lies closer to A when m is small; the coordinate weights
are reversed relative to the endpoint names.

& Rigefl 1 g8t ursemiva & Rierdh &1 weafig & wia Fdericst o offard aa &1 Sareeur & Rt ol oier 6
3R 8 2, safer ot 10 oiR weafig (1,5) &1

AB = V[(xz - x1)? + (yz - y1)2]; midpoint = ((x1 + x2)/2,(y1 + y2)/2).

WORKED EXAMPLE 1 / &= famar sargeon
Find the midpoint and length of A(-2,1), B(4,9).
Solution: Midpoint is (1,5). The coordinate differences are 6 and 8, so AB =v100 = 10.

WATCH OUT: Keep the same subtraction order in each coordinate difference.

C2 / KEY CONCEPT
Slope expresses direction / a1 @ fasm

For a nonvertical line, slope is vertical change divided by horizontal change. Parallel nonvertical lines have
equal slopes; perpendicular nonvertical lines have slopes whose product is -1. Vertical lines have no finite
slope and are perpendicular to horizontal lines.

aTel Heafer uRad= ot &fas aRada @ umr 233 R et &1 gamiar Rars 6 a1 9= gidt &1 e &
& 8 @1 Y 21T 3 8, 3fIY (2,-1) T oA dTelt GHHIAR @My = 3% - 7 8l

m = (y2 - y1)/(xz - x1), when xz # Xa.

WORKED EXAMPLE 2 / g« frar 3ergzur
Find a line through (2,-1) parallel to 3x -y + 7= 0.
Solution: The given line has slope 3. Usey + 1 =3(x - 2), givingy = 3x - 7.

WATCH OUT: Do not assign slope zero to a vertical line.
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LEARN e« g#Hs

Concepts 3 &4

C3 / KEY CONCEPT
Choose a useful equation form / ¥@r @1 3R ®a

Point-slope form works when one point and direction are known. Two-point form follows by calculating
the slope. Intercept form is convenient when both nonzero axis intercepts are given. The general form Ax
+ By + C =0 also includes vertical lines.

Teh foig iR @rel et dt fofg-arel T4 IuTT e | ST 3Hel-3ideis it i sidds wu gfaursies g1 Iarevor d
X-3dGS 6 3R y-3id=Es -4 9 x/6 - y/4 = 1 Aar 81

y - y1 =m(x - x1); x/a + y/b = 1 for nonzero intercepts a,b.

WORKED EXAMPLE 3 / ge1 e Sarevor
Write the line with x-intercept 6 and y-intercept -4.

Solution: x/6 + y/(-4) = 1. Multiplying by 12 gives 2x - 3y = 12. Substituting the two intercepts verifies the
result.

WATCH OUT: Intercept form is unsuitable for a line passing through the origin.

C4 /| KEY CONCEPT

Intersect and compare angles / ufa<dg 3R sior

Solve two line equations simultaneously to find an intersection. If coefficients of x and y are proportional,
the lines are parallel or coincident. The angle formula gives the acute angle between two nonvertical lines
unless the denominator is zero, which indicates perpendicular lines.

gl @137l o1 ufdeeg 37k gl GHIhRUT bl Teh TTY BT chich [HeldT & | SSTeXuT § THIeheur Sitsd & 3x = 12,
fth x = 4 3R y = 3 AT 81 STl & PIvT FepTeld 9T didad [RAT e TgaH |

tan @ = [(m2 - m1)/(1 + mim2)].

WORKED EXAMPLE 4 / g<t faar Sergeor
Find the intersection of x +y =7 and 2x -y = 5.
Solution: Adding the equations gives 3x = 12, so x = 4. Then y = 3. The intersection is (4,3).

WATCH OUT: A zero determinant may mean coincidence, not just distinct parallel lines.
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LEARN e« g#Hs

Concepts 5 & 6

C5 / KEY CONCEPT
Measure perpendicular distance / dead gt

The shortest distance from a point to a line is along a perpendicular. The absolute value in the formula
makes the distance nonnegative. For two parallel lines, first give the x and y coefficients exactly the same
values before comparing constants.

foig & a1 deh T BT I claad gidl 81 -G H Aer A1 IR oht IR-KUMTcH @ 81 ISTER0T H 3H3A
10 3R & 5 8, AT T 2 g1 FHAMIAR J@T3AT & UTich Ugel THI e |

d((xo,yo), Ax + By + C = 0) = | Axo + Byo + C|[V(AZ + B2).

WORKED EXAMPLE 5 / get v Sarevor
Find the distance of (1,2) from 3x + 4y - 21 = 0.

Solution: The numeratoris |3 + 8- 21| = 10 and denominator is 5, so the distance is 2.

WATCH OUT: Multiplying the whole line equation by a nonzero constant does not change the distance.

C6 / KEY CONCEPT

Describe a family or locus / ¥@r-uRar s figuy

A locus translates a geometric condition into an equation. The family L1 + ALz = 0 passes through the
intersection of two intersecting lines, with the line L2 = 0 considered separately if needed. Area
determinants give a slope-free test for collinearity.

feiguy # SRt 21 el FHteRror H Fgel | Iareror # (0,0) 3R (6,0) & THM g g4 W &l afifa gRaf
TR T | TRA e W x = 3 fAerdr g, S g gafgarsias 21

Triangle area = |xa(yz - y3) + x2(ys - y1) + x3(y1 - y2)| /2.

WORKED EXAMPLE 6 / & far 3arexvor
Find the locus of points equidistant from A(0,0) and B(6,0).

Solution: Equate squared distances: x? + y? = (x - 6)2 + y2. Simplify to 12x = 36, so x = 3, the perpendicular
bisector.

WATCH OUT: A locus answer should be checked against the original geometric condition.
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PRACTISE * 3119 &3

Practice A

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.

haet IR g1, fafe off fod | srasaendr g at deifeid C-ahis arelr urs & |
Q01 -.c1

Find the distance between (1,-2) and (7,6).

(1,-2) 3R (7,6) & <ffa & 7@ HIfSrg

Q02 .c1
Find the midpoint of (-5,3) and (7,-1).

(-5,3) 3R (7,-1) o1 Heafg 71a HIfST|

Q03 . c1
Find the point dividing A(0,2), B(9,8) internally in ratio AP:PB = 1:2.

A(0,2), B(9,8) &l AP:PB = 1:2 ¥ 3fidRes &9 & dfex a1t P A1 hifSig|

Q04 -c2
Find the slope through (-1,4) and (3,-4).

(-1,4) 3R (3,-4) & TSR dTelt ¥@T I &l Feprfag|

Q05 -c2
Find the line through (3,2) perpendicular to y = 2x + 5.

(3,2) @ TORA dTeft AUTy = 2x + 5 W Adad @1 AT g |

Q06 -c3
Write the line through (0,5) and (10,0).

(0,5) 3R (10,0) ¥ oA arelt 3@ fAf@w|
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PRACTISE * 3119 &3

Practice B

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.
hael IR g, fafd oft ford | siraegenar gt dt Heifdd C-eplg arer urs add|

Q07 - ca
Find the intersection of 3x+y=11Tand x -y =1.

3x+y=113Rx -y =1 o ufdws [yl

Q08 - ca
Find the acute angle between slopes 1 and 0.

1 3R 0 Tl aTett T3 T —F+A hivT HehIeg |

Q09 -.cs5
Find the distance of (2,-1) from 5x + 12y - 24 = 0.

(2,-1) @I 5x + 12y - 24 = 0 ¥ & Ferfeig|

Q10-cs5
Find the distance between 3x +4y -5=0and 3x +4y + 10 = 0.

3x +4y - 5=0 3R 3x + 4y + 10 = 0 & = gt Memrferg)

Q11 -ce6
Find the area of the triangle (0,0),(6,0),(2,5).

(0,0),(6,0),(2,5) & I AT T &=that FawIfAIT

Q12 -.c6
Find the line through the intersection of x + y =4 and x - y = 2, also passing through (0,0).

X +y=43Rx-y=2 3% ufdws 921 (0,0) T oA aTeft T FAeprferg|
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CHECK ¢ ga wiftd

Solutions A

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q01 / C1 ¢ Locate points precisely
V(62 + 82) =10.
fAdsriel & afar 6 3R 8 §1 g V(36 + 64) = 10 &I

Q02 / C1 ¢ Locate points precisely

((2)/2,(2)/2) = (1,1).
g1 fAderient & sfad a W= (1,1) Aear g1

Q03 / C1 ¢ Locate points precisely
(2A +B)/3 =(3,4).
U 1:22 8 ¥ P = (2A + B)/3 = (3,4) &1

Q04 / C2 « Slope expresses direction
(-4-4)/(3+1)=-2.
@i (-4-4)/(3-(-1)) = -2 &l

Q05 / C2 « Slope expresses direction
Slope -1/2:y-2=-(x-3)/2,s0x+2y-7=0.
dgad @ret -1/2 g féig-aldd &4 & x + 2y - 7 = 0 fAeTar g1

Q06 / C3 * Choose a useful equation form
x/10 +y/5=1, giving x + 2y = 10.
TS ®IX/10+y/5=18I AT x + 2y =10 8l

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

el 89 TR hRUT GHSTY | TTeAd 811 UR Ugett TTeTd fehal Ugam SR IR 8l he |
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CHECK ¢ ga wiftd

Solutions B

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q07 / C4 ¢+ Intersect and compare angles
4x=12,s0x =3,y =2.
gHieRvT Sis R 4x = 12 81 s9faT ufade (3,2) 81

Q08 / C4 + Intersect and compare angles
tan 8 = 1, hence 6 = 45°.
PIUT-GF & tan 6 = 1 &1 =T hIUT 45° g1

Q09 / C5 * Measure perpendicular distance
[10-12-24|/13=2.
‘{ﬁ [10-12-24]/13=27%8I

Q10 / C5 « Measure perpendicular distance
[10-(-5)]/5 =3.
0TIk Uget @ 99 &1 &t 15/5 = 3 8l

Q11 / C6 * Describe a family or locus

Base 6 and height 5: area = 15 square units.

JMYR 6 R FAS 581 &FHBeA 6 x 5 [ 2 = 15 I 3hTS &l

Q12 / C6 * Describe a family or locus

Intersection is (3,1). The required line has slope 1/3: x - 3y = 0.

faede (3,1) &1 Teifeig & g9k &1el 1/3 8, safAU x - 3y = 0 &1

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

el 89 TR hRUT GHSTY | TTeAd 811 UR Ugett TTeTd fehal Ugam SR IR 8l he |
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CONNECT ¢« §dy g

Visual review & extension

0 1 2 3 4 5 6

C4: solving both equations gives their shared point (4,3).

Section and external division

For internal ratio AP:PB = m:n, P = (nA + mB)/(m + n). For external division use P = (mB - nA)/(m - n),
with m # n.

Angle bisectors

For intersecting lines L1 = Aix + Biy + C1 and L2 = A2x + B2y + C, the two bisectors satisfy L1/V(A1? + B1?)
= +12/V(A22 + B22). They express equal perpendicular distances.

Challenge

Find the foot of the perpendicular from (4,1) to x +y = 1. The perpendicular through (4,1) isy = x - 3.
Intersection gives (2,-1); the distance is 2v2.

faTeT g1 | SruTd 3R fAderiehl & YR Ie shH H 3MTd & | hIvT-TATGHTSTeh R g1 @13l ¥ dead gRar
T gidl &1 ATt J g @My = X - 3 §; S9! Ufdwdg (2,-1) 3R g 2v2 8l

Can you identify vertical lines before using a slope formula?

AT MY TR A chi 2T 37R Teh AT TTeTdl! 31U S1&G1 H THST Tchd 872
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